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Abstract
We previously reported that anthracyclines, which could generate reactive oxygen species
(ROS), could induce the urokinase-type plasminogen activator (uPA) gene expression in human
RC-K8 malignant lymphoma cells and in H69 small cell lung cancer (SCLC) cells. In screen-
ing other uPA-inducible anti-cancer agents, we found that camptothecin (CPT) and its derivative,
SN38, could induce uPA in RC-K8 and H69 cells. CPT and SN38, which are also used for the treat-
ment of lymphoma and SCLC, significantly increased the uPA accumulation in the conditioned
media of both cells in a dose-dependent manner. The maximum induction of uPA mRNA levels
was observed 24 h after stimulation. Pretreatment with pyrrolidine dithiocarbamate (PDTC), an
anti-oxidant, inhibited the CPT-induced uPA mRNA expression. Thus, CPT induces uPA through
gene expression, and, therefore, CPT may influence the tumor-cell biology by up-regulating the
uPA/plasmin system.
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CamptothecinInducesUrokinase-typePlasminogenActivator
Gene-ExpressioninHumanRC-K8MalignantLymphoma
andH69SmalCelLungCancerCels
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Wepreviouslyreportedthatanthracyclines,whichcouldgeneratereactiveoxygenspecies(ROS),
couldinducetheurokinase-typeplasminogenactivator(uPA)geneexpressioninhumanRC-K8
malignantlymphomacelsandinH69smalcellungcancer(SCLC)cels.Inscreeningother
uPA-inducibleanti-canceragents,wefoundthatcamptothecin(CPT)anditsderivative,SN38,
couldinduceuPAinRC-K8andH69cels.CPTandSN38,whicharealsousedforthetreatment
oflymphomaandSCLC,signiﬁcantlyincreasedtheuPAaccumulationintheconditionedmediaof
bothcelsinadose-dependentmanner.ThemaximuminductionofuPAmRNAlevelswasobserved
24hafterstimulation.Pretreatmentwithpyrrolidinedithiocarbamate(PDTC),ananti-oxidant,
inhibitedtheCPT-induceduPAmRNAexpression.Thus,CPTinducesuPAthroughgeneexpres-
sion,and,therefore,CPTmayinﬂuencethetumor-celbiologybyup-regulatingtheuPA/plasmin
system.
Keywords:CPT,SN38,uPA,RC-K8,H69
U rokinase-typeplasminogenactivator(uPA)cata-lyzestheconversionofzymogenplasminogento
plasminandplaysacentralroleintheﬁbrinolyitcprocess.
uPAisalsorelatedtotumorprogression,andhighlevels
ofuPAsuggestapoorprognosisofthecancer［1］.uPA
issuggestedtobeoneoftheacutephasereactantswhose
synthesisisregulatedbypro-inﬂammatorycytokines,
suchastumornecrosisfactor-α (TNFα)andIL-1.
Thesepro-inﬂammatorycytokinesarealsoshownto
generatereactiveoxygenspecies(ROS)inhumancels
［2,3］.PreviouslywedemonstratedthatIL-1βand
lipopolysaccharide(LPS),alongwithhydrogenperoxide,
induceduPAgeneexpressioninhumanmalignantcels
［4,5］.Furthermore,anthracyclineanti-canceragents,
whichgenerateROS,alsoinduceduPAgeneexpression
inbothRC-K8andH69cels［6,7］.ROS,suchas
super-oxideandhydrogenperoxide,workassignaling
messengers,activatingtranscriptionfactorssuchas
NF-κBandAP-1,andinducinganumberofgene
expressions［8,9］.NF-κBandAP-1elementsarealso
identiﬁedintheuPApromoterregion［10］,and,there-
fore,NF-κBand/orAP-1transcriptionfactorsappear
tobeinvolvedintheIL-1-andTNFα-induced-uPA
expression［11,12］
Similartoanthracyclines,CPTanditsderivative
SN38alsogenerateROS［13,14］.CPTisacytotoxic
agentthatinhibitsthenuclearenzymeTopoisomeraseI
(TopoI),andproducesacomplexwithTopoI,also
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stabilizingthereplicationsystem.CPTandSN38appear
tobee?ectiveforvarioussolidtumors［15］,andboth
arenowusedforSCLCandlymphomaasasalvage
treatment［16,17］.Therefore,weexaminedthee?ects
ofCPT onuPA expressioninRC-K8malignant
lymphomaandH69SCLCcels.
MaterialsandMethods
Human RC-K8 malignant
lymphoma［18］andH69smalcellungcancercelline
(Americantypeculturecolection, Rockvile, ML,
USA),wereculturedinRPMI-1640mediumsupplement-
edwith10 (v/v)heat-inactivatedfetalbovineserum
(WhitakerBioproducts,Walkersvile,MD,USA),100
U/mlpenicilin,and100μg/mlstreptomycin,asprevi-
ouslydescribed［7］.Inthestimulatingexperimentwith
CPT,thecelswerewashedoncewithphosphate
bu?eredsaline,resuspendedinserum-freeRPMI-1640
(atapproximately1×10?/ml),andculturedina24-wel
cultureplate(500μl/wel)withorwithoutCPTorSN38.
After48h,20μlofthecelmixturewastransferredtoa
96-welplatecontaining80μlofRPMI-1640and10μlof
theMTTsolutionineachwel,andthentheceldensity
wasdeterminedbythecolorimetricMTTassay,as
describedbyMosmann［19］.TheuPAactivitiesinthe
culturesupernatantweremeasuredusingasynthetic
uPA-substrateS-2444andaplasminogen-containing
ﬁbrinplate(ﬁbrinzymography),aspreviouslydescribed
［7］.Ahighmolecularweightformoftwo-chainuPA
wasdemonstratedinboththeRC-K8andH69condi-
tionedmediaatandafter24h;therefore,theenzymes
werealactive.Noactivationstepwasnecessaryto
measuretheuPAactivity.
ThetotalRNA(10
μg)wasisolatedfromthecelsbytheacidguanidinium
thiocyanate-phenol-chloroformmethod,andwassubjected
toNorthernblotanalysisasdescribedbySambrooketal.
［20］.ThecDNA probeforuPA waslabeledwith
?P-dCTPbytherandomprimedDNAlabelingtech-
nique.ThemRNAlevelswerequantitatedbycounting
theradioactivityusingtheBAS2000imaginganalyzer
(FujiFilm Co.,Tokyo,Japan).Asacontrolfor
di?erencesintheRNAsampleloading,theﬁlterswere
rehybridizedwitharadiolabeledβ-actincDNAprobe.
Results
ThecelsweretreatedwithCPT
andSN38for48h,andtheuPAactivitiesinthesuper-
Shibakuraetal. ActaMed.Okayama Vol.56,No.5224
Fig.1 Thee?ectsofCPTandSN38onuPAaccumulationandcel
densityinRC-K8cels.RC-K8celswereculturedinthepresenceof
varyingconcentrationsofCPT(A)andSN38(B)for48h,andthe
uPAactivityandceldensityweremeasuredusingasyntheticuPA
substrate(S-2444)andtheMTTassay,respectively,asdescribedin
MaterialsandMethods.Eachexperimentwasconductedatleast
twiceintriplicate,andtheresultswerereproducible.Opencircles
andclosedcirclesindicateuPAactivityandceldensity,respectively.
Means±SDoftriplicatevaluesareshown.?P＜0.05and??P＜
0.01comparedtocontrols.
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natantweremeasuredbytheuPA-substrate,S-2444.
TheaccumulationofuPAintheconditionedmediain-
creasedapproximately1.5-foldaftertreatmentwith10nM
ofCPTand5nMofSN38,respectively(Fig.1,panels
AandB).Fibrinzymographyalsorevealedtheinduction
ofuPAbybothofthedrugs(Fig.2).However,the
uPA accumulationcausedbytheCPT-orSN38-
stimulationwaslowerthanthatcausedbytheanthracy-
clines.
To
determinewhethertheCPT-induceduPAaccumulation
wasaresultoftheactivationofthegeneexpression,we
examinedthee?ectsofCPTontheuPAmRNAlevels.
ThetotalRNAwasextractedasindicatedintheMaterials
andMethodssection,and10μgoftotalRNAwere
appliedtoNorthernblotanalysis.Thepeakinductionof
uPAmRNAwasseen24hafterCPTstimulation(Fig.
3,panelA),anditwasapproximatelytwo-foldof
non-stimulatedcontrol.Todeterminetheinvolvementof
ROSintheCPT-induceduPAexpression,0.5mMof
PDTC,ananti-oxidantdrug,wasaddedtotheRC-K8
culturedmediumbeforestimulationwithCPT.Pretreat-
mentwithPDTCresultedinacompleteinhibitionofthe
CPT-induceduPAmRNAaccumulation(Fig.3,panel
B),suggestingthatROSmaybeinvolvedintheCPT-
induceduPAgeneexpression.
CPTandSN38induceduPA
inH69aswelasinRC-K8cels,asshowninFig.4,
panelsAandB.CPTalsoinduceduPAmRNAexpres-
sion24hafterstimulationinH69cels;however,itwas
averyweakexpression,inparalelwiththeuPAactivities
(datanotshown).
CPT-induceduPAinTwoTumorCelsOctober2002
Fig.2 Dose-dependentstimulatinge?ectsofCPTandSN38on
uPAaccumulationinRC-K8celsdetectedbyﬁbrinzymography.
TwentymicrolitersofoneoftheRC-K8culturedmediastimulating
varyingconcentrationsofCPTandSN38for48hwereappliedtoeach
laneof7.5%polyacrylamiderunninggelforSDS-PAGE,andzymo-
graphywasthenperformed.Highmolecularweightforms(50-54
kDa)ofuPAwereprimarilyobservedintheconditionedmedium.
Fig.3 Time-courseofCPT-induceduPAmRNAlevelsande?ects
ofPDTConCPT-induceduPAmRNAlevelsinRC-K8cels.TheuPA
mRNAlevelsweremeasuredbyNorthernbloting.Aβ-actincDNA
probewasusedasaninternalcontrol.ThetotalRNA(10μg)was
extractedfromtheRC-K8celscolectedatthetimesshownfolowing
exposureto10nMofCPT.(B)TheRC-K8celswerepretreatedwith
0.5mMofPDTCfor1handfurtherculturedinthepresenceof10nM
ofCPTfor24h.ThetotalRNA(10μg)wasisolatedandanalyzedby
Northernbloting.ThemRNAlevelswerequantitatedbycountingthe
radioactivityofthebandsusingaBAS2000imaginganalyzer,as
describedinMaterialsandMethods.TheY-axisindicatestherelative
intensityoftheradioactivitycomparedwiththatoftheuntreated
control.
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Discussion
Wepreviouslyreportedthattheanthracyclineanti-
canceragentinducedtheup-regulationofuPA gene
expressioninhumanRC-K8malignantlymphomaand
H69smallungcelcancercels［7］.Inthepresentstudy,
itisdemonstratedthatCPTandSN38alsoinducethe
uPAexpressioninRC-K8andH69cels.ROSworkas
secondmessengersforthesignaltransductionsystemand
activatestranscriptionalfactors,suchasNF-κBand
AP-1［8,9］.ItisalsoshownthatCPT-11andSN38
activatetheNF-κBtranscriptionalfactorinHT1080
cels,andthatPDTCinhibitstheactivationofNF-κB
［21］.TennM ofCPTinducedtheaccumulationof
cytochromecinthecytosol(datanotshown),andan
antioxidant,PDTC,inhibitedtheCPT-induceduPA
mRNA expression.Theseobservationssuggestthe
involvementofROSintheCPT-induceduPAexpres-
sion.
Theclinicalﬁndingsdemonstratedthattheplasma
levelsofthemetabolizedCPTorSN38concentrations
wereapproximately10to100nM48hafterintravenous
infusion,whenpatientsweretreatedwith350mg/m?of
CPT-11［22］.AsshowninFigs.1,2and4,these
concentrationsaresu?cienttoinduceuPA ineither
RC-K8orH69cels.TheroleofuPA/plasminsystemin
tumormetastasisandinvasivenessiswelestablished.
uPA-generated plasmin degradates the extracelular
matrixaswelasﬁbrin.uPAboundtouPA-receptor
(uPAR)ontumorcelsurfacecausesthefocalproteolysis.
ThecomplexbetweenuPAanduPARinducesthechange
ofthereceptorclusterontumorcelsurface,which
causesadetachmentfromtheextracelularmatrixanda
migrationoftumorcels［1］.Furthermore,ithasbeen
suggestedthattheplasminogen/plasminandmatrix
metaloproteinases(MMP)systemsarefunctionalyinter-
activeandcooperateinextracelularmatrixdegradation.
uPAconvertsplasminogentoplasminanditactivates
MMPs,especialyMMP-1,3,7,8,9,12and13［23］.
Tumorcelsdetachedfrom theextracelularmatrix
becomemoresensitivetoanti-canceragents［24］.
Therefore,CPT-induceduPAmayenhanceanti-tumor
e?ectsofCPTbycausingcel-detachment.
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